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EXPLORING PRESSURE AND BODY 
POSITIONING: A PILOT EVALUATION 
AMONG CRITICALLY ILL PATIENTS
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Aims
• To investigate the effect of body mass index (BMI), 
severity of illness, positioning, age and risk of PI 
development on pressure displacement and interface 
pressure (IP)
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Participants
N=9 
BMI (24.5 or 
<)
(n=3)
SOFA score  
<4.9
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
(n=3)
SOFA score 
>5
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
(n=3)
Healthy adult
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
N=9 
BMI (25-29.5)
(n=3)
SOFA score  
<4.9
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
(n=3)
SOFA score 
>5
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
(n=3)
Healthy adult
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
N=9 
BMI (30 or >)
(n=3)
SOFA score  
<4.9
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
(n=3)
SOFA score 
>5
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
(n=3)
Healthy adult
Measures: 3 
positions 
(supine 30o; 
prone, 1/4 
lateral turn) 
each x 2
Participants further sub-divided by health status 
based on sequential organ failure assessment 
(SOFA) score  
Participants aged >18 years sub-divided by BMI category (normal, overweight and 
obese)
low acuity  
(SOFA<4.5)
Patients with burn injuries (>40% total burn 
surface area) excluded from study
high acuity 
(SOFA≥4.5) 
healthy 
adults (no 
SOFA score)
Measures
• Primary outcome measures
1. Interface pressure (IP)
• Xsensor X3 pressure mapping 
system - full body sensor mat 
(81cm x 203cm); 1,664 
capacitive pressure sensors
• IP measured as peak pressure 
index (PPI) and defined as 
highest recorded value with a 9-
10 cm2 area
• approximate contact area of a bony 
prominence.
Variables
All participants
• Age
• Gender 
• Comorbidities 
• Body mass index
Critically ill patients only 
• Diagnosis
• ICU length of stay
• Acuity
• Sequential organ failure 
assessment (SOFA) score
• Braden scale score
• Risk assessment for 
pressure injury 
development
Results - Participant characteristics
• Mean participant age 50 years (SD 18.3) years
• 58% male 
• Healthy adults all non-smokers; no comorbidities
• Healthy adults about 20 years younger than ICU patients
• Age confounded with patient type
• Need to control for age in models assessing effect of acuity
• Median Braden scale score 13 (IQR: 11-23) for ICU 
patients 
• Median length of ICU stay 14.5 (IQR: 8.0-20.5) days
Results: Variation in PPI with SOFA and BMI
PPI values vary between patient types
Lower values in healthy adults and low 
acuity patients
Higher values recorded at greater 
trochanter than at sacrum
PPI values vary between patients with 
different BMI levels
Higher values recorded at greater 
trochanter than at sacrum
Summary of analysis of PPI data
• Participant type substantively related to PPI at sacrum and greater 
trochanter assessed jointly (p=0.093) 
• PPI values for high acuity patients 13.1 mmHg higher (95% CI -17.1 to 
43.1 mmHg) at sacrum and 32.5 mmHg higher (95% CI -5.03 to 70.0 
mmHg) at greater trochanter than for healthy adults
• PPI values for low acuity patients 2.67 mmHg higher (95% CI -17.5 to 
22.9 mmHg) at sacrum and 2.90 mmHg higher (95% CI -22.3 to 28.1 
mmHg) at greater trochanter than for healthy adults
• Model controlled for age; statistically significant (p=0.008)
• Moderate to large effect (partial-η2=0.351) 
• No evidence of association between PPI and either BMI or patient type; 
or either Braden or SOFA scores (ICU patients only)
Conclusion and recommendations
• Peak pressure index is an under-reported phenomenon in the 
critically ill patient population and literature 
• This pilot analysis has determined several associations of 
importance
• Substantive differences in outcomes observed between low- and high-acuity 
ICU patients; and between ICU patients and healthy volunteers. 
• Variation in IPs for sacral and greater trochanter areas depend on BMI 
categories and level of participants’ health status
• Further work is recommended on a larger scale in the critically ill 
patient population using ‘real time’ periods of load to provide 
indication of optimum repositioning time for these vulnerable patients
References
• Australian Wound Management Association. Pan Pacific Clinical Practice Guideline for the Prevention and Management of Pressure Injury. Cambridge Media Osborne Park, 
WA; 2012.
• Bergstrand S. Preventing pressure ulcers by assessment of the microcirculation in tissue exposed to pressure. 2014. Linkoping University Medical Dissertations No. 1407.
• Bergstrom N, Braden B, Laguzza A. & Holman A. The Braden Scale for predicting pressure sore risk. Nurs Research 1987;36(4):205-210.
• Bergstrom N, Demuth PJ. & Braden B. A clinical trial of the Braden Scale for predicting pressure sore risk. Nurs Clinics of Nth Am 1987;22(2):417-418.
• Coyer F, Gardner A, Doubrovsky A, Cole RL, Ryan F, Allen C, McNamara G. Reducing pressure injuries in critically ill patients by using a skin integrity care bundle 
(InSPiRE).  Am J Crit Care 2015;24(3):199-210.
• Eachempati SR, Hydo LJ, & Barie PS. Factors influencing the development of decubitus ulcers in critically ill surgical patients. Crit Care Med 2001;29(9):1678-1682. 
• Ferguson JE, Witting BL, Payette M, Goldish GD, Hansen AH. Pilot study of strap based custom wheelchair seating systems in persons with spinal cord injuries. JRRD
2016;51(8):1255-64. 
• Gardner A, Dunk AM, Eggert M, Gardner G, & Wellman D. Pressure Injury: An Exploration of the Relationship between Risk Factors and Interface Pressure. The Aust J 
Wound Management 2006;14(4):140-149. 
• Graves N, Birrell FA, & Whitby M. Modelling the economic losses from pressure ulcers among hospitalized patients in Australia. Wound Repair & Regeneration 
2005;13(5):462-467. 
• Higger S, James T. Interface pressure mapping; pilot study to select surfaces to effectively redistribute pediatric occipital pressure. J Tissue Viability. 2016;25:41-9.
• Johnson KL, & Meyenburg T. Physiological Rationale and Current Evidence for Therapeutic Positioning of Critically Ill Patients. AACCN: Adv Crit Care 2009;20(3):228–240. 
• Keller PB, Wille J, Bert van R, & van der Werken C. Pressure ulcers in intensive care patients: a review of risks and prevention. Int Care Med 2002;28(10):1379-1388.
• Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease classification system. Crit Care Med 1985;13(10):818–29. 
• Laboratory measurement of the interface pressures applied by active therapy support surfaces: a consensus document. J Tissue Viability Feb 2010;19(1):2e6.
• National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory Panel and Pan Pacific Pressure Injury Alliance. Prevention and Treatment of Pressure Ulcers: 
Clinical Practice guideline. E. Haesler (Ed.). Cambridge Media: Osborne Park, Australia; 2014.
• Peterson M, Schwab W, McCutcheon K, van Oostrom JH, Gravenstein N, & Caruso L. Effects of elevating the head of bed on interface pressure in volunteers. Crit Care Med 
2008;36(11):3038-3042.
• Peterson MJ, Schwab W, van Oostrom JH, Gravenstein N, & Caruso LJ. Effects of turning on skin-bed interface pressures in healthy adults. J Adv Nurs 2010;66(7):1556-
1564.
• Reddy M, Gill SS, & Rochon PA. Preventing pressure ulcers: A systematic review. JAMA 2006;296(8): 974-984.
• Sachse RE, Fink SA, Klitzman B. Multimodality evaluation of pressure relief surfaces. Plastic Reconst Surg. 1998;102(7):2381-2388. 
• Shahin ESM, Dassen T, & Halfens RJG. Incidence, prevention and treatment of pressure ulcers in intensive care patients: A longitudinal study. Int J Nurs Studies 
2009;46(4):413-421.
• Tayyib N, Coyer F, & Lewis P. Pressure ulcers in the adult intensive care unit: A literature review of patient risk factors and risk assessment scales. J Nurs Educ Practice 
2013;3(11): 28. 
• Vollman KM. Introduction to progressive mobility. Crit Care Nurs 2010;30(2):S3-5.

